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[57] ABSTRACT 
A combustion chamber for gas turbines, especially for 
motor vehicles, which includes a ?rst reaction chamber, 
an outlet opening of which terminates in a second coaxi 
ally disposed reaction chamber. Each reaction chamber 
is associated with a premixing chamber provided with 
an air inlet and a fuel injection nozzle. An insert sur 
rounds the ?rst reaction chamber and its premixing 
chamber and projects into a ?ame tube. The ?ame tube 
encompasses the second reaction chamber and an outer 
wall of the insert forms with an inner wall of the ?ame 
tube an annular premixing chamber for the second reac 
tion chamber. Several fuel injection nozzles are ar 
ranged in a zone of the air inlet of the second reaction 
chamber. 

12 Claims, 1 Drawing Figure 
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COlHBUSTION CHAIWBER FOR GAS 

The present invention relates to a combustion cham 
ber and, more particularly, to a combustion chamber for . 
gas turbines for motor vehicles whichincludes aj ?rst 
reaction chamber having an outlet opening terminating - 
in a second coaxial reaction chamber, with each reac- 
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tion chamber being associated with a premixing cham- . 
ber provided with an air inlet and fuel injection nozzle. 
The purpose of subdividing a combustion chamber 

into two reaction chambers is so that a combustion 
process may be obtained over a wide operating range of 
the gas turbine which results in the least amount of 
emissions of deleterious substances. - ’ 

A combustion chamber of the aforementioned type is 
proposed in “Entwicklungslinien in der Kraftfahrzeug-' 
technik” (Direction of Development in Automobile 
Technology) status seminar dated November 10-12, 
1976, in Berlin, issued by BMFI‘ (Federal Ministry for 
Research and Technology) and VDI (German Engi 
neer’s Association)'entitled Working Team Automobile 
Technology, page 302 right-hand side’ of FIG. » 4 
wherein a premixing chamber, arranged obliquelyv be 
side the ?rst reaction chamber, unilaterally terminates 
in a zone of a constriction between two cylindrical 
reaction chambers. 
The aim underlying the present invention essentially 

resides in providing a combustion chamber construction 
for gas turbines wherein the combustion chamber is 
provided with a novel con?guration in order to further 
reduce the emission of pollutants during operation of 
the gas turbine. 

In accordance with advantageous features of the 
present invention, an insert is provided which surrounds 
the ?rst reaction'chamber and associated premixing 
chamber and projects into a ?ame tube encompassing 
the second reaction chamber. An outer wall of the in 
sert forms with the ?ame tube an annular premixing 
chamber for the second reaction chamber. In a zone of 

_ an air inlet of the annular premixing chamber, several 
fuel injection nozzles are arranged. 
Advantages of the above-noted features of the pres 

ent invention reside in the fact that the annular premix 
ing chamber formed by the insert has a relatively large 
diameter thereby making it possible, in cooperation 
with several fuel injection nozzles,vto intermix the fuel 
and air in an especially satisfactory fashion. At the same 
time, a good preliminary vaporization of the fuel even 
outside of the'combustion zone is attained by the ‘large 
area heated walls de?ning the premixing chamber. En 
hanced by an axially symmetrical guidance of the flow 
in the annular chamber or duct, the second reaction 
chamber is supplied with a mixture of fuel vapor and air 
which is homogeneous to a high degree and favorably 
affects the subsequent combustion over the entire oper 
ating range of the gas turbine. Additionally, local tem 
perature peaks which result from the combustion of an 
non-homogeneous mixture and leads to the formation of 
nitrogen oxides are avoided and the proportions of 
carbon monoxide and incombusted hydrocarbons are 
also lowered. 

In accordance with further features of the present’ 
invention, the insert is shaped as a truncated cone hav 
ing a base area which encompasses an outlet opening of 
the ?rst reaction chamber-and a rim surrounding the 

15 

25 

30 

35 

40 

45 

55 

60 

65 

?rst reaction chamber which serves as a second ?ame ll’ _ _ 
dance with the present invention. holder. Advantages’ of these features of the present 

2 
inventionreside in the fact that the con?guration of the 
insert enables an introduction of the mixture formed 
into the premixing chamber into the second reaction 
chamber along a wall zone. ‘Additionally, such con?gu 
ration provides for an advantageous arrangement of the 
'second?ame holder at the insert. 1 

, In accordance with the present invention, the walls of 
the flame tube forming boundaries vforthe second reac 
tion chamber‘ and a surface of the surrounding a 

_ cylindrically shaped outlet opening of the ?rst reaction 
chamber are located on a circular ring with a substan 
tially oval cross sectional area, whereby an annular 
veddyis produced surrounding the‘ gases "axially exiting 
from the first reaction chamber thereby resulting in a 
wide stability range of the ?ame and thereby permit 
ting, in a desireable manner, a combustion of even lean 
mixtures. " > ' ' ' 

Advantageously, in accordance with the‘ present in 
vention, the second reaction chamber passes over, 
downstream of a constriction, into a cylindrical section 
followed by a dilution zone and the fuel injection‘ nozzle 
of the premixing chamber of the ?rst'reaction chamber 
is constructed as a pressure atomizer bypass noz‘zlei 

Preferably, the fuel injection’ nozzles of the premixing 
chamber of the second reaction chamber are, in accor- ' 
dance with the present invention respectively com 
posed of a capillary tube surrounded by an airupipe or ' 
air line. . . - - .. . l . 

Advantageously, the, ?ame tube and insert of the 
present invention are made entirely or partiallyv of a 
ceramic material. _ . , 

Accordingly, it is an object of the present invention 
to provide a combustion chamber 'for gas turbines 
which avoids, by simple means, shortcomings and dis 
advantages encountered in the prior art. 
‘Another object‘ of the present invention resides in 

providing a combustionchamber for gas turbine (ven 
gines which enables a signi?cant reduction in the emis 
sion of pollutants and other deleterious substances._ ‘ 
Yet another- object of the present invention resides in 

providing a combustion chamber for a’ gas turbine 
which enables the combustion of lean mixtures _ and 
provides a wide stability range of the ?ame, V 
A still further object of the present invention resides 

in providing a combustion chamber for-gasturbines 
which functions realiably under all operating condi 
tions. 7 . . , 

Yet another object of the present invention resides in 
providing a combustion chamber for gas turbines which 

" ensures the existence of a homogeneous fuel-air mixture 
and which'favorably affects the combustion process 
over the ,entire operating range of the engine. . 
These and other objects, features, and advantages of 

the present invention will become more apparent from 
the following description 'whenqtaken in connection 
with the accompanying drawing which shows, for the 
purposes of illustration only, one embodiment in accor 
dance with the present invention, and wherein: 

BRIEF DESCRIPTION OF DRAWING 
The single FIGURE of the drawing is ‘a longitudinal 

partially schematic cross sectional view of a combustion 
chamber for an automobile gas turbine engine in accor 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the single FIGURE of the drawing, 
according to this FIGURE, a combustion chamber 
includes a staggered ?ame tube 11, a frustoconical insert 
13 projecting into a ?aring inlet side 12 of the ?ame tube 
11, and a combustion chamber housing 14 surrounding 
the ?ame tube 11 and the insert 13, Flanges 15, 16 are 
provided for enabling a coaxial ?xing of the insert 13 
and/or the ?ame tube 11 in the combustion chamber 
housing 14. 
The insert 13 surrounds a ?rst substantially spherical 

reaction chamber 17 de?ned in a zone of the inlet side 
thereof by a base area 18 of a conically shaped member 
19 which serves as a ?rst ?ame holder. The shaped 
member 19 is attached to the insert 13 by way of ?anges 
20. An outer surface 21 of the shaped member 19 and a 
surface 22 of an inner wall of the insert 13 de?ne an 
annular chamber 23. A nozzle-shaped air inlet 24 pro 
vided at the insert 13 passes over into the annular cham 
ber 23 and forms therewith a premixing chamber 25. An 
annular trough is formed ‘ in the base area 18 of the 
shaped member 19 for effecting a ?ow of the fuel-air 
mixture with a central peak being formed in the trough 
26. The ?rst reaction chamber 17 is delimited at its end 
opposite the trough 26 by a convex bulge. The convex 
bulge narrows the open end of the reaction chamber 17 
suf?ciently to create eddy currents, the effect of which 
is readily apparent and which will be discussed-in detail 
later. , 

An outer wall 30 of the frustoconical insert 13 exhib 
its a slightly convex bulge, starting at the air inlet 24, the 
bulge passes over in the zone of the bulge 28 of the ?rst 
reaction chamber into a slightly concave bulge. A base 
area of the truncated cone or frustoconical insert 13 
includes a rim 32a surrounding an outlet opening 29 
with the rim 320 having the shape of an annular trough 
32. 
The ?aring inlet side 12 of the staggered ?ame tube 

11 includes a substantially cylindrical section 33, fol 
lowed by an inwardly curved section 34, and a section 
35 forming a transistion between the curved section 34 
and ya cylindrical section 36. The ?ame tube 11 sur 
rounds a second reaction chamber 37, a premixing 
chamber 38 thereof, and a subsequently disposed dilu 
tion tube 39. 
The insert 13, which extends into the inlet side 12 of 

‘the ?ame tube 11, forms with its outer wall 30 and with 
an inner wall 40 of the section 33 of the ?ame tube 11 
the annular premixing chamber 38, which is provided 
with a nozzle-shaped air inlet 41. A main portion 42 of 
the second reaction chamber 37 is de?ned by an inner 
wall 40 of the section 34 of the ?ame tube 11 and by the 
trough32 provided in the base area 31 of the frustoconi 
cal cone insert '13 in a plane passing through a longitudi 
nal axis of the chamber 42. The, second reaction cham 
ber 37 terminates in the cylindrical section 36 of the 
?ame tube 11 downstream of a constriction 43 formed 
by the section 35. The cylindrical section 36 also in 
cludes the dilution zone 39 provided with air inlet open 
ings 44. ‘ . 

At least parts of the combustion‘ chamber are formed 
of a ceramic material due to the subjecting of such parts 
to high thermal loads. Consequently, the portion of the 
?rst reaction chamber 17 which also includes the outlet 
opening 29 is lined by an annular wall member 45. To 
enable a mounting of the wall member 45 in place, the 
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insert 13 is formed of two parts 46 and 47 which are 
joined, by, for example, welding for thelike. While the 
section 33 of the ?ame tube 11 de?ning the premixing 
chamber 38 of the second reaction chamber 37 is made 
of a high temperature metallic material, the subsequent 
sections 34, 35, and 36 consist essentially of a ceramic 
material. In this arrangement, a ring 48, attached to the 
section 33 and connected to the ?anges 16, centers the 
section 34 of the ?ame tube 11 in the housing 14. 
A central pressure atomizer bypass fuel nozzle 49 

with a feed line 50 and a blockable return line 51 is 
arranged in a zone of the air inlet 24 of the premixing 
chamber 25 of the ?rst reaction chamber 17. Fuel is fed 
to the annular premixing chamber 38 of the second 
reaction chamber 37v through six capillary tubes 52 
which are uniformly distributed along a circumference 
of the premixing chamber 38 and project into the air 
inlet 41, with each of the capillary tubes 52 being en 
closed by an air pipe or line 53 formed of a refractory 
material. Air which is branched off from a compressor 
(not shown) of the gas turbine and further compressed 
by a pump (not shown) is fed in the annular duct 54 
de?ned between the air pipe or line 53 and the capillary 
tube 52, whereby a fuel jet injected from the capillary 
tube 52 into the premixing chamber 38 is very ?nely 
distributed. A suitable ignition means 55 laterally 
projects into the ?rst reaction chamber 17. 
The arrows in the single FIGURE of the drawing 

indicate the ?ow characteristics ambient in the combus 
tion chamber during operation of the gas turbine result 
ing in a favorable effect on the fuel preparation and 
subsequent low pollutant combustion. As shown in the 
drawing, in the ?rst reaction chamber 17, the fuel is 
mixed with the air introduced through the nozzle-like 
air inlet 24 and preevaporated. The fuel-air mixture 
enters into the spherical ?rst reaction chamber 17 
bounded by the annular trough 26 along the inner wall 
of the chamber 17 wherein it forms an axially symmetri 
cal annular eddy ?ow and is combusted. Thereupon, the 
combustion gases ?ow past the convex bulge and 
through the cylindrical outlet opening 29 and through 
the second reaction chamber 37, provided with the 
constriction 43, into the dilution zone 39. Simulta 
neously, the mixture, homogeneous to a high degree, 
which ?ows from the annular premixing chamber 38 
into the second reaction chamber 37 forms an axially 
symmetrically annular eddy in the region of the inner 
wall 40 of the curved section 34 of the ?ame tube 11 and 
of the annular trough 32 of the insert 13 and is com 
busted. The combustion gases are entrained by the ?ow 
exiting from the ?rst reaction chamber 17 in the axial 
direction and introduced into the dilution zone 39. In 
this connection, additional relatively small eddies are 
formed downstream of the constriction 43 which im 
prove the combustion of the mixture in a zone of the 
inner wall 40 of the section 34. . 
With the combustion chamber of the present inven 

tion, the ?rst reaction chamber 17 serves for producing 
gas for the basic load comprising idling and lower par 
tial load range operation of the gas turbine engine; 
whereas, the second larger reaction chamber 37 takes 
over gas production for load changes which occur, for 
example, during an acceleration of the gas turbine. For 
this purpose, the pressure atomizer bypass nozzle asso 
ciated with the ?rst reaction chamber 17 is controlled in 
dependence upon a speed of “a. fuel pump (not shown) 
while a supply of fuel to the capillary tubes 52 associ 
ated with the second reaction chamber 37, and which 
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permit a precise or ?ne fuel metering, is controlled 
separately. 
During a cold starting of the gas turbine, injection is 

initially effected only into the premixing chamber 25 of 
the ?rst reaction chamber 17 with the amount of fuel 
supplied being increased by blocking off the return line 
51. Once the combustion in the temperature has risen to 
about 500‘ C. after ignition of the'mixture in the ?rst 
reaction chamber 17, fuel is injected through the capil 
lary tubes 52 into the premixing chamber 38. The mix 
ture formed therein is then ignited in the second reac 
tion chamber 37. After a short period of time, the return 
line 51 is unblocked and the fuel injected through the 
pressure atomizer bypass nozzle 49 into the premixing 
chamber 25 of the ?rst reaction chamber 17 is thereby 
limited to a ?xed or stationary quantity. 
While I have shown and described only one embodi 

ment in accordance with the present invention, it is 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modi?cations as 
known to one having ordinary skill in the art, and I 
therefore do not wish to be limited to the details shown 
and described herein, but intend to cover all such modi 
?cations as are encompassed by the scope of the ap 
pended claims. 

I claim: 
1. A combustion chamber for gas turbines, compris 

mg 
a ?ame tube and a truncated cone-shaped insert pro 

jecting into said tube surrounding a ?rst generally 
spheroidal reaction chamber and a coaxially con 
necting second reaction chamber, with 

a ?rst premixing chamber equipped with a central 
fuel-injection nozzle therefor, the ?rst premixing 
chamber, having an outside wall which is formed 
by a part of an interior side of the insert and an 
inside wall which is formed by a part of an outside 
of a coaxial conical ?tting that serves as a ?ame 
holder, and 

another premixing chamber equipped with fuel injec 
tion nozzles, an outside wall of which is formed by 
a part of an interior side of the ?ame tube, and an 
inside wall of which is formed by a part of an out 
side of the insert, wherein 

the ?rst generally spheroidal reaction chamber gener 
ally de?ned by the insert and ?tting includes an 
inwardly protruding bulge proximate an outlet 
opening leading into the second reaction chamber, 
the outlet opening being surrounded by a rim in 
cluding a concave trough which forms a part of the 
base area of the truncated cone-shaped insert and 
which serves as a second flame holder.. 

2. A combustion chamber according to claim 1 char 
acterized in that the ?rst and second reaction chambers 
are coaxially disposed, and in that an outlet opening of 
the ?rst reaction chamber terminates in the second reac 
tion chamber. _ 

3. A combustion chamber according to one of claims 
1 or 2, characterized in that the fuel injection nozzle 
means of the ?rst reaction chamber is a pressure atom 
izer bypass fuel injection nozzle. 

4. A combustion chamber according to claim 3, char 
acterized in that the plurality of fuel injection nozzles 
associated with the premixing chamber of the second 
reaction chamber each include a capillary tube for sup 
plying fuel to the premixing chamber and an air pipe 
means surrounding the respective capillary tubes. 

5. A combustion chamber according to one of claims 
1 or 2, characterized in that at least a portion of the 

6 
?ame tube and insert means are made of a ceramic mate 
rial. 

6. A combustion chamber according to one of claims 
1 or 2, characterized in that the plurality of fuel injec 
tion nozzles associated with the premixing chamber of 
the second reaction chamber each include a capillary 
tube for supplying fuel to the premixing chamber and an 
air pipe means surrounding the respective capillary 
tubes. 

7. A combustion chamber for gas turbines, compris 
.ing 
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a ?ame tube and a truncated cone-shaped insert pro 
jecting into said tube surrounding a ?rst generally 
spheroidal reaction chamber and a coaxially con 
necting second reaction chamber, with 

a ?rst premixing chamber equipped with a central 
fuel-injection nozzle therefor, the ?rst premixing 
chamber having an outside wall which is formed 
by a part of an interior side of the insert and an 
inside wall which is formed by a part of an outside. 
of a coaxial conical ?tting that serves as a ?ame 
holder, and ' 

another premixing chamber equipped with fuel injec 
tion nozzles, an outside wall of which is formed by 
a part of an interior side of the ?ame tube, and an 
inside wall of which is formed by a part of an out 
side of the insert, 

the ?rst generally spheroidal reaction chamber gener 
ally de?ned by the insert and the ?tting includes an 
inwardly protruding bulge proximate an outlet 
opening leading into the second reaction chamber, 
the outlet opening being surrounded by a rim 
which forms a part of a base area of the truncated 
cone-shaped insert and which serves as a second 
?ame holder, 

said ?ame tube includes walls de?ning a main portion 
of the second reaction chamber, the outlet of the 
?rst reaction chamber being cylindrically shaped, 
and an inner surface of the walls de?ning the main 
portion of the second reaction chamber and a sur 
face of a trough formed in a rim surrounding the 
outlet opening of the ?rst reaction chamber gener 
ally de?ne the boundaries of an annular space hav 
ing an essentially oval cross sectional con?guration 
in a plane passing through a longitudinal axis of the 
second reaction chamber. 

8. A combustion chamber according to claim 7, char 
acterized in that a constriction is provided in the second 
reaction chamber between the main portion and outlet 
end thereof‘, and in that the second reaction chamber 
has a cylindrical section disposed downstream of the 
constriction. 

9. A combustion chamber according to claim 8, char 
acterized in that a dilution zone is disposed downstream 
of the cylindrical section. 

10. A combustion chamber according to claim 9, 
characterized in that the fuel injection nozzle means of 
the ?rst reaction chamber is a pressure atomizer bypass 
fuel injection nozzle. ‘ 

11. A combustion chamber according to claim 10, 
characterized in that the plurality of fuel injection noz 
zles of the second reaction chamber each include a 
capillary tube for supplying fuel to the premixing cham 
ber and an air pipe means surrounding the respective 
capillary tubes. 

12. A combustion chamber according to claim 11, 
characterized in that at least a portion of the ?ame tube 
and insert means are made of a ceramic material. 
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